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3.0 HUMAN EXPOSURE ASSESSMENT

_ "_'_I‘he purpose of the human exposure assessment is to estimate the magnitude,
frequency,  duration, and route of exposure to the COPC. The exposure estimation is used
with appropriate toxicity information to assess the nature and extent of health threats from .

the COPC. . The exposure assessment identifies receptor populations and exposure pathways_- .

as discussed in paragraph 3.1 through 3.4 below. This information is integrated with
measured or estimated contaminant concentrations to quantify contaminant exposures and is

-presented in paragraph 3.5. A summary of the exposure assessment is provided in _
paragraph 3.7. For the BRSRA, a separate discussion of the evaluation of the exposures to -

lead at 1100-2 and HRL is discussed in paragraph 3.6,

3.1  IDENTIFICATION OF HUMAN RECEPTOR POPULATIONS FOR BISRA

Identification of the human populations at risk from exposure to COPC at the 1100~

EM-1 subunits is usually determined by present and future land and water use assumptions.

For the purposes of the BISRA, it is assumed that future land and water use will remain
similar to existing conditions. The geographic distribution of the individual subunits
throughout the operable unit limits the potential for the same receptor to have long-term
exposures at multiple subunits. Currently, no workers are assigned to tasks in any of the
subunits on a regular basis. However, the BISRA conservatively assumes that such

assignments could occur in the future because the 1100-EM-1 Operable Unit is located in an

area designated for industrial use and is surrounded by areas zoned by the city of Rlchland
for industrial and commercial use. :

On-site industrial workers are selected as both the current and the future receptor
populations for the 1100-EM-1 Operable Unit. Industrial workers are assumed to work fuil-
time at only one subunit where they could potentially be exposed to contaminants from that
subunit alone. The BISRA also assumes that personnel are assigned io the 1100 Area for
purposes other than remediation. It is expected that the city of Richland’s water will
continue to be available to potential industrial facilities at the operable unit.

3.2 | IDENTIFICATION OF HUMAN RECEPTOR POPULATIONS FOR THE
BRSRA

There is no current residential use of 1100-EM-1, and none is expected in the future.

However, as indicated previously, the EPA has requested evaluation of residential receptors
at five subunits.
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Onsite residents are evaluated as the receptor population for the 1100-EM-1 Operable
Unit. Residents are assumed to live at only one subunit where they could potentiaily be
exposed to contaminants from that subunit alone. It is also assumed that availability of city
of Richland water at all subunits continues except at HRL. The hypothetical residents at
HRL are conservatively assumed to use groundwater as the only source of potable water.

3.3 IDENTIFICATION OF EXPOSURE PATHWAYS FOR BISRA

The HSBRAM (DOE/RL-91-45) provides the exposure pathways that are used to
evaluate the industrial scenario. The BISRA for the 1100-EM-1 Operable Unit is confined to
the soil contamination. Potential exposure to groundwater contamination is not evaluated: in
the BISRA because potable water at 1100 Area facilities is currently obtained from the city
of Richland. Although soil contaminants can leach to the groundwater and be transported to
the Columbia River, workers in the 1100 Area would not use surface water directly from the
Columbia River during the work day. Modeling presented in DOE/RL-90-18 also indicates
that the concentrations of contaminants currently found in the groundwater in the vicinity of
the 1100-EM-1 Operable Unit would undergo extensive dilution upon entering the Columbia

River. Therefore, potential exposures to groundwater and surface water are not evaiuated in
the BISRA.

~Although a few volatile organic compounds have been detected in the soil and/or soil

| gas, the evaluation of these contaminants in the Phase I RI Report indicates the mhalatlon of

volatiles at the concentrations detected does not pose a risk greater than 1E-06 :
(DOE/ RL-90-18). The EPA has also indicated that soil gas surveys are used for ﬁeld '
screening and data generated from soil gas surveys should not be used in risk assessment

_(Einan, EPA [Letter to R. Stewart, DOE/RL] January 16, 1992, sec appendix I). Given the |

above information, and because most volatile contaminants have been found only in soil gas
at very low concentrations, the potential volatilization of contaminants from the soil i is not
con51dered an operable exposure pathway for the BISRA

The potentlal exposure pathways through whlch industrial workers may be: exposed to
soﬂ contaminants at a specﬁ‘ic 1100-EM-1 subunit, are:

Soil ingestion;
inhalation of fugitive dust; and .
® dermal exposure.
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34 IDENTIFICATION OF EXPOSURE PATHWAYS FOR BRSRA

As defined by EPA [Einan, 1991 (see appendix I)] and a followup letter of
clarification [Einan, 1992 (see appendix IJ, the exposure pathways for the BRSRA have been °
focused on contaminated soil. The soil-related pathways for BRSRA, specified by EPA,
include the ingestion of soil, dermal contact with soil, ingestion of garden produce, and
mhalatlon of particulates (i.e., fugitive dust). Other potential soil-related pathways (e.g..
animal or crop uptake as assoaated with an agncultura] scenario) were not requested by EPA

[Einan, 1992 (see appendix I)].

Of the COPC specified by EPA for evaluation, three are classified as volatile
contaminants that would generally be evaluated via the inhalation pathway. These are
tetrachloroethane, trichloroethane, and 1,1, 1-trichloroethane. For reasons outlined in
paragraph 3.3, these contaminants will not be guanitatively evalvated in the BRSRA. The
volatlhzatxon of contammants from soil will be qualitatively addressed in paragraph 5.4.

. EPA has directed thal_ potential exposures through pathways associated with the
‘groundwater at HRL be evaluated in the BRSRA [Einan, 1991 and Einan, 1992 (see

~appendix D]. Pathways are evaluated for both direct groundwater use and for exposurés

through transport of contaminants off the Hanford Site. Currently, contaminants present in

‘the groundwater in the Vicinity of HRL may be transported to the Columbia River in the
- future. In the Phase I RI, the concentration of TCE at the groundwater interface with the

river was estimated to be approxnnately 0.05 mg/L and at the city of Richland water intake,
approximately 6E-06 mg/L. Additional modeling for the Phase IT RI indicates TCE at the
groundwater interface with the river would be less than 0.001 mg/L, which is less than the
maximum contaminant Iével (MCL) for this contaminant. :

In addition to the evaluation of direct groundwater use-in the vicinity of HRL, EPA
[Einan, 1992 (see appendix I)] directed that an evaluation of trichloroethane be conducted to
assess the potential contribution to exposures for subunit residents ‘who may swim in the
Columbia River or eat fish from the Columbia River. Groundwater and surface water
modeling results (DOE/RL-90-18), although shown to be conservative based on recent
modeling done during the Phase II RI, are used to estimate potential concentrations of
trichloroethane in surface water and fish. These conservative analyses result in an
overestimation of potential risks associated with this pathway.

Columbia River water is used to recharge the North Richland well field to supplement
potable water production. Groundwater modeling of contaminant transport to the Columbia
River was presented in the Phase I RI Report. Evaluation of the risk associated with the
ingestion of Columbia River water as a drinking source, as presented in the Baseline Risk
Assessment in the Phase I RI report, indicates that the incremental lifetime cancer risk i is
approximately 2E-0% (DOE/RL-90-18). Therefore, further evaluation of the exposures
through use of Columbia RlVGI' ‘water or city of Richland water is not. presented for the
BRSRA.
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Given the above information, the soﬂ—related exposure pathways evaluated in the
BRSRA for onsite residential receptors .at the five specified 1100-EM-1 subunits under
consideration are:

Soil ingestion; _
inhalation of fugitive dust;
ingestion of garden produce; and
dermal exposure to soil.

In addition, EPA specified groundwater exposure pathways for contaminants detected
in groundwater in the vicinity of HRL include:

Ingestion of groundwater :

inhalation of volatiles from groundwater

ingestion of Columbia River fish; and :
dermal contact with Columbia River water d-uring swimming,

The dermal route of exposure to potable water was also considered, but is not
included in the exposure pathway because the dermal route has been reported as m31gn1ﬁcant
‘tetrachloroethane (EPA 1985), and 1,1,1-trichloroethane (ATSDR 1988). It is not clear -
whether exposure to dermal nitrate is a concern. This issue is drscussed in the uncertamty
ana1y51s paragraph 5.4,

3.5 'QUANTIFICATION OF EXPOSURES FOR BISRA AND BRSRA

The exposure assessment includes a quantification of exposures for the receptors via
the exposure pathways that have been identified. An exposure concentration (i.e., a -
concentration that is contacted over the exposure period) is estimated and used w1th
population variables (e.g., ‘exposure parameters) and assessment variables (e.g., averaging
times) to determine an intake. The following paragraphs describe the assumptions,
information, and calculations used to estimate exposure intakes for onsite residents and
industrial workers. A detailed presentation of sample calculations is provided in appendix

V.

' 3 5.1 Exposure Concentrations

3.5.191 Soil Ingestion and Dermal Exposure Pathways for BRSRA and BISRA--The |
exposure concentrations for the soil ingestion and dermal exposure pathways are:

conservatively assumed to be the maximum concentrations. of :the COPC as determmed from
the Phase I RI Report or Phase II soil sampling (see tables 2-3 through 2-9). The use of the

maximum concentration is generally conservative because it does not consider any actual or
potenual spatial distribution of the contaminant over the subunit (i.e., it is highly likely that

the concentration at the actual exposure location will be significantly less than the

maximum). This assumption is also conservative because it assumes that the maximum

K34
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concentration is readily accessible for receptor contact even if the maximum concentration is
actually located below the surface at considerable depth.

3.5.1.2 Inhalation - Fugitive Dust for BISRA and BRSRA—Exposure concentrations for the ~
fugitive dust pathway are derived using subunit specific maximum soil concentrations and the

“subunit specific fugitive dust concentration in air at the receptor location. Exposure

concentrations-in air are not determined for the 1100-4 subunit because the contaminated soil
is located beneath a cement floor, inside the 1171 Building.

" The fugitive dust concentration is calculated by incorporating a subunit specific

emission rate and deposition rate into EPA’s FDM (version 91109 and Bowman

Environmental Engineering, version 1.21). The FDM uses site-specific meteorological data’ |

and has the capability to directly compute the effect of wind speed on each source-specific

emission.rate during each meteorological averaging period. The site-specific meteorological
data used by the FDM consists of 1 full year (1988) of hourly wind speed and direction data,
(collected at a monit’oring station located near the 1100-EM-1- operable unit), and hourly

temperature, mixing height, and stability class data, (measured at the Hanford Meteorological

Station). The FDM also accounts for deposm(m of suspended partlculates durmg airborne
travel. -

Fugitive dust emiSsion rates are calculated for each source using the Umversal Soil

' Loss equatlon as simplified by Woodruff and Siddoway, 1965:

EF = AIKCL'V’ -

where EF is the emission factor (tons/acre-yr), A is that portion of total dust emissions that -

- would be measured as suspended particulate matter and is typically defined as particles with
~ a diameter Iess than 30 microns. The value of A is 0.041 (dimensionless), for fine soils .

(Baskett, 1983). I is the soil erodibility factor (tons/acre-yr), K is the surface roughness
factor (dimensionless), C is a climatic factor (dimensionless), L’ is the unsheltered field
width factor (dimensionless), and V' is the vegetative cover factor (dimensionless).

" The soil erodibility factor, I, is determined from table 3 of Wind Erosion Forces In
The United States and Their Use in Predicting Soil Loss (Skidmore and Woodroff, 1968) and
is based on the portion of surface soil retained by a No. 20 standard sieve with 0.84 mm
{0.03 inches) square mesh. Conservatively biased estimates of the >0.84 mm (0.03 inches)
fractions of the surface soils for the 1100-2, 1100-3, UN-1100-6 subunits, and HRL subunits
are 35, 37, 5, and 29 -percent, respectively. These data are obtained from paragraph 3.5.2.2
of the Phase I RI Report (DOE/RI-90-18), and convert to I values of 65, 62, 180, and 76
tons/acre-yr. For the Bphemeral Pool, grain size distribution data are not available. The
fraction >0.84 mm (0.03 inches) at this subunit is conservatively assumed to be 5 percent
(the same as UN-1100-6 subunit), resulting in an I value of 180 tons/acre-yr.

The surface roughness factor, K, accounts for the resistance to wind erosion provided
by ridges and furrows and is conservatlvely assumed to be unity (i.e., no reductlon in
resistance). :
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An unsheltered ﬁeld width factor, L, of .7 is typlcal for exposed areas about 305 m
{1,000 feet) across (Baskett 1983). : .

A vegetative cover factor of unity is conservatively assumed, making no allowance for
reductions in emissions due to vegetation.

- Wind velocity and soil moisture contribute mgmﬁcantly to wmdblown fug1t1ve dust
emission rates and relate to the climatic factor, C, as:

C = 0.345113/PE2

Where v’ is the wind veloc1ty in miles per hour and PE? is the sife-specific Thornthwaite’s
precipitation-evaporation index, A PE? value of 29.1 was assumed (U.S. Weather Bureau
and SCS 1962). Meteorological records were used to determine u’. :

Because the climatic factor varies as the cube of the wind velocity, wmdspeed greatly
affects the emission rate. However, windspeed varies significantly with time. The FDM
model has the capability to directly compute the effect of windspeed on the emission ‘rate for
each source during each meteorological averaging period. Therefore, the emission rate is -
entered into the model as a conservative source-specific coefficient with wind speed as the
only vanable

= (0.041)I(0.T)(Q.345°/(29.17

The entire suspended particulate fraction is conservatively regarded as resplrable
These emission rates are used in the FDM to determme downwind air concentratwns of
respirable fugitive dust. -

In order to estimate the concentration of fugltwe dust at a receptor locatlon the FDM
accounts for grav1tat10na1 settling and particle disposition during airborne travel. A "default“
particle size distribution in the FDM test input data, listed below, was used. '

Particle Size Class Particle Dlameter {um) Fraction in Each Size Class
1 - L25 : 00262 -
2 ' 3.75 - 0.0678
3 7.50 S 0.1704
4 12.50 : _ 0.1536
5 20.00 o - 0.5820

A particle density of 2.5 g/cm was used, which is consistent with the range for most

mmefal soils (Brady, 1984). Comparison of dust concentrations calculated by the FDM,
with particle densities ranging from 0 to 2.5 g/cn’, showed very little sensitivity to this:

‘parameter; dust concentrations typically varied only hundredths of a ug/kg between hlgh aﬁd -

low pamcle densities.

The receptor location within each subumt was chosen as the point calculated by the.
FDM with the maximum fugitive dust concentration, based on a 25 meter grid system (50 m
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for HRL) that was centered on the middle of the subunit. The concentration of fugitive dust
at each subunit as calculated by the FDM, is shown in table 3-1. The contaminant _
concentration in air is assumed to be directly proportional to the contaminant concentration in
soil.  Therefore, the fugitive dust concentrations were multiplied by the maximum soil
contaminant concentrations (table 2-1), and appropriate conversion factors, to produce
contaminant concentrations in air shown in table 3-2.

3.5.1.3. Garden Produce Pamvgay for BRSRA--The quantification of exposures from the
ingestion of garden produce requires an estimation of the contaminant concentration in the

- produce. The amount of contaminant that is taken up by garden produce from the soil can
be estimated using published or derived plant uptake factors for specific contaminants. The _

Land Application and Distribution and Marketing of Sewage Sludge, Technical Support
Document (EPA, 1986a) provides plant-specific contaminaut uptake factors for a number of
contaminants.. Uptake factors are available for both inorganic and organic contaminants for a
variety of garden or agncultural plants. The relatlonshlp between the contaminant
concentratlon in soil to a contaminant concentlatlon in plants is:

'Plant concentration = Uptake factor x soil concentration

where the uptake factor is expressed as [ug/g tissue dry weight (ug/g soil)"] and the soil
concentration 1s expressed as pg/g. All soil concentrations are expressed as dry weight. The
evaluation takes into account only the contamination present in soil and does not include any
potential contributions from irrigation water,

_Four specific garden produce categories are evaluated in this BRSRA based on the
direction provided by EPA [Einan, 1991; Einan, 1992 (see appendix I)]. The garden
produce categories and corresponding vegetables evaluated are: root (e.g., carrots), potatoes,
leafy vegetables (e.g., lettuce), and garden fruits (e.g., tomatoes).

A summary of the plant uptake factors for the COPC is provided in table 3-3.
Contaminant-specific uptake factors are available for arsenic, PCB’s, and lead. The
following assumptions were made in the absence of more appropriate data. The plant uptake
factors for BEHP are conservatively assumed to be the same as for PCB’s. The plant uptake
factors for heptachlor are nsed as a conservative surrogate for chlordane. Chlordane is
chemically similar to heptachlor and contains approximately 10 percent heptachlor (by
weight). However, the root uptake factor for chlordane is conservatively derived as a 95
percent UCL for a variety of uptake factors for chloxrdane in sugar beets (EPA, 1986a).

Since uptake factors for chromium and beryllium are not reported in EPA, (1986a),
uptake factors for arsenic, cadmium, lead, mercury, nickel, selenium, and zinc are used to
derive a conservative estimate [i.e., upper 95 percent confidence limit (UCL)] for each
specific plant category. These values are used as a surrogate plant uptake factor for
chromium and beryllium, except the uptake factor for chromium in leafy vegetables, which is
published in Kabata-Pendias and Pendias, 1984.

K3-7
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. Table 3-1. Fugitive Dust Concentration for Specific 1100-EM-1 l_]pgraiﬂe Suhunits’._ '

Subunit | Fugitive Dust Concentration -

{wglm’)

1100-1 0.0032

1100-2 3.17

1100-3 2.37

UN-1100-8 . 1.68

Horn Rapids Landfil -~ 1993

Ephemeral Pool 423

! Based on the maximum concentration generated hy the EPA Fugitive Dst model.

K3-8
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Table 3-2. Estimated Air Concentrations Based on Maximum Contaminant Concentrations.

L9-T6~TH/HOA

Cantamiriant 11081 - - . 11002 o | -.-1100-5 " UN-T100-6 Horn Rapids ' - Ephemeral Paal
o . i Landfil D
Downwind Air ' Dowrdwind Air _ Downwind Air Dewnwind Air Downwind Afr - " -Downwind Air
Concantration Goncentration - Concentration Concentration Concentration Concentration

{mgim?) {mg/m?} {mghn’) [mgim®) {mg/m’} {mgim’)

Antimony - 4 - - !t |

Arseric 10611 . 8,100 B.8E-08

Barium - - s - 1.3E-0

Berylium 1.1E08

Chromium - B.3E-08 3368 12808

Capper . . . ' -t -

Lead - . : 8.3E-08 -

Nickel . | 6.6E-06

Thallium - -

Yanadium : - - - -*

Zinc -t

BEHP - . ' . 40805

Beta-HCH | | 8.3E-10

Chlordane 2.8E-00 1.7E-08

ooT - " 20608

Haptachior - | S 10610 20890 1260

PCBs . . 1.0£-08 1.8E-07

Tetrachloroethang . : 1.1;‘.-10 B.OE-11

"inhalation RfDs and SFs ara nat available with which 10 evaluata these contamiants. of potential congern,
- Indicates not & contaminant ef potential concern for the air pathway at this subunit,
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The potential exposure to volatile compounds through the garden scenario Was not -
quantitatively evaluated in the BRSRA and volatile contaminants are not presented in table 3- SN
3. Volatile compounds such as tetrachloroethane have short half-lives in soil, are not ' e
persistent in the soil, and are not expected to be readily taken up by plants or to
bioaccumulate in plants (Ryan et al., 1988). Based on the very low concentrations of .

-volatile contaminants detected in the soil, plant uptake of these COPC is not considered an

operable exposure route and the uptake of volatile contaminants from soil or soil gas is not
evalnated further in this BRSRA.

A summary of contaminant concentrations for the garden pathway is provided in table
3-4. The 1100-2 subunit is not presented in this table becanse the only contaminant at th1s
subunit (tetrachloroethane) is not evaluated for the garden pathway. -

3.5.1.4 Groundwater Pathways for BRSRA--The exposure concentrations for the
groundwater ingestion and inhalation of volatiles from groundwater pathways are the
maximum concentrations of the COPC as determined from the Phase I and Phase I
groundwater sampling at HRL (DOE/RL-90-18 and appendlx 5). .The concentrations are
0.11 mg/L and 61 mg/L for trichloroethane and nitrate as N, respectlvely As du‘ected
1,1,1 tnchloroethane was not evaluated [Einan, 1991 (see appendm D]

3.5.4.5 Residential-Related Recreational Palhwavs for BRSRA--Two recreatlonal exposures

are evaluated for residents at HRL. Residents may swim in or consume fish from the

Columbia River, which could be potentially impacted by groundwater from the vicinity of the .
1100-EM-1 Operable Unit. Trichloroethane and nitrate are groundwater COPC that N
potentially could be transported to the Columbia River. Only trichloroethane is likely to be .
dermally absorbed. The estimated future concentration of trichloroethane in the Columbia

River is conservatively assumed to be 6E-06 mg/L. (DOE/RL-90-18), which is the value used

in evaluating potential dermal exposures during swimming. By extrapolating observations of

groundwater concentrations, the nitrate value at the Columbia River is estimated to be 0.003

mg/L.. This is below the MCL of 10 mg/L for nitrate.

As trichloroethane may bicaccumulate in fish, with a bioconcentration factor of 17
L/kg on a wet weight basis (EPA, 1986b), the resulting contaminant concentration in the .
tissue of fish inhabiting the Columbia River in the vicinity of the city of Richland water
intake is conservatively estimated to be 1E- 04 mg/kg.” Little information exists on the
bioconcentration potential of nitrate in animals. However, because nitrate is readily =~
metabollze_d bioconcentration is unlikely. Therefore, nitrate is not evaluated for exposures
through bioaccumulation in fish. :

o8
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Tahle 3-3. Summary of Plant Uptake Factors*®.

K3-11

- Contaminant’ Leafy Root Garden Fruits Potatoes
| Arsenic 0.04 0.02 " 002 0.0006
| BEHP® .0.38 0.36 0.02 0.02
Beryliiam* 0.43 026 0.041 0.06
Chiordane 002 202 0.21° 0.3
. Chromium 02" 028! 0.041° 0.06"
Lead 0.008 0.003 0.002 0.0008 -
| pcBs 0.38 0.36 0.02 002
| *All uptake f_:a&tars exp:réésed as [uglg tissue Dry Wéight {traly éhill"] '
®Source: EPA 1986a unless otherwise indicated
PCB uptake factors used as surrogates for BEHP
“95% upper confidence limit of mean for uptaka facturs of As, Cd, Pb, Hg, Ni, Se Zn
{EPA 1986a) .
*Heptachlor uptake factors used as surrogates for chlordane -
'95% upper confidence hmlt of mean for uptake of chfordane by sugar heets
¥ Kabata - Pendlas and Pendias 1984
Table 3-3

Page 1 of 1
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Table 3-4. Summary of Contaminant Concenitrations for the Garden Pathway - : N

at Specific 1100-EM-1 Operable Subunits Based on Maximum Eontaminant Concentrations. _ N
Leafy ' Root - | Garden Fruits {tomafoes) | Potatoes
{lettuce) {mglkg) | {carrots} imgfkg) - imghkgt 1 . imglkg}
Arsenic  1.36E01 - 68E02 6.8E-03
Chromium 28E+00 |  36E«00 |  BJEOY | 84E01
Lead ' 7.9E02 5IE03 | 20E0
BEHP | eBEs03 |  90R03 - 5OE+02 | 5OE+02
Chlordane | 3.7E-02 38E+00  3.8E01 . B.6EDT
m 3 T 5 T T g
ﬁg i : LR AR R A :
Chlordane 5.6E.02 5.7E+00 5.9E-01 . BA4EDT
= PCB 1.6E+01 1.5E+01 | " BAED1
N | Arsenic 28| 13E0r 13602 | 40E03 &
R Beryllium | 5.6EOT 3401 5.3E.0 1 e | 7
o | Chomium 2.5E+02 32E+02 5.1E+01 ' 75E+01
ot Lead | 6.8E+00 266400 1.7E+00 | ‘ssE01
- PCB 39E+01 37E+01 ~ 2.0E+00 2.0E+00
&
4
K3-12 - Table 3-4
Page 1 of 1
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3.5.2 Calculation of Contaminant Intakes
~Standard EPA equations for calculation of intakes, as provided in RAGS (EPA,
1989a) and the HSBRAM (DOE/RL-91-45 1991) are used as the basis for all intake

calculations. The table 3-4 basic equation for calcrulatmg mtakes, normahzed with respect fo_
bocly weight, for ingestion or inhalation is:

where: . -
" Intake = C % IR X EF x ED x CF
. . BW x AT
Intake = chronic daily intake of the contaminant (mg/kg-d)
c = concentration of contaminant 111 ‘the medium (e.g., mg!kg or
' mg/m’)
IR == intake rate (e.g., mg/d or m*/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = ‘averaging time (d/yr x yr) -
CF - =" conversion factor (as appropriate) -

The exposure parameters (i.e. body weiglit, averaging time, contact raté, exposure

~ frequency, and exposure duration) for the BISRA are those presented for the industrial

scenario of the HSBRAM (DOE/RL-91-45), and are discussed below with conversion factors
indicated, as appropriate. A summary of the industrial and residential exposure parameters
are provided in fable 3-5 and table 3-6, respectively. See appendix IV for spec1ﬁc BRSRA -
calculauons, e.g., in combining child and adult exposures.

3.5 .2.1 -Soﬂ Ingestion for BISRA--

maximum contaminant concentration (mg/kg)

intake rate (50 mg/d)

-exposure frequency (146 d/yr)

exposure duration (20 yr)

body weight (70 kg) ‘ _
averaging time (noncarcinogenic effects: 365 d/yr x 20 yr;
carcinogenic effects: 365.d/yr x 70 yr)

= conversion factor (1E-06 kg/mg)

3 REEEEC
i

3.5.2.2 Scil Ingestion for BRSRA--All exposure parameters for the soil ingestion pathway
are those presented for the residential scenario as discussed in Supplemental Risk Assessment
Guidance for Superfund, (EPA-10, 1991). These factors are used as required by EPA
[Einan, 1992 (see appendix I)]. For evaluating both carcinogens and noncarcinogens, the
exposure assumptions are based on a child and an adult exposure.

K3-13
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maximum contaminant concentrition (mg/kg)

intake rate (Child: 200 mg/d; Adult: 100 mg/d)

exposure frequency (350 d/yr)

‘exposure duration (Child: 6 yr; Adult: 24 yr)

body weight (Chlld 15 kg; Adult: 70 kg) :

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcmogemc
effects: 365 d/yr x 70 yr) .

conversion factor (1E-06 kg/mg)

3.5.2.2 Inhalation of Fugitive Dust for BISRA--The following are exposure parameters used
for the industrial scenario:

C
IR
ED
BW
AT

B n i

estimated air concentration (mg/m®)

intake rate (20 m*/d)

exposure frequency (250 d/yr)

exposure duration (20 yr)

body weight (70 kg) _

averaging time (noncarcinogenic: effects 365 d/yr X 20 yr; carcmogemc
effects: 365 d/yr x 70 yr) ..

3.5.2.3 Inha]auon of Fugitive Dust for BRSRA-—AII exposure parameters for the 1nha1at10n
of fugitive dust pathway are those presented for the residential scenario, as discussed in
EPA-Region 10 guidance (EPA-10 1991). For evaluating both carcinogens and
noncarcinogens, the exposure assumptions are based: on an adult exposure.

C.
IR

B

ED
CBW
AT

| | I (O T

estimated air concentration (mgf m’)
intake rate (20 m*/d)

- exposure frequency (350 d/yr)

exposure duration. (30 yr)
body welght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr)

3.5.2.4 Dermal Exposure to Contaminated Soil for BISRA--The intake equatioh prov‘ic_led in
paragraph 3.5.2 above, is modified to provide the absorbed dose equation for dermal

exposures to contaminated soil. For the purpose of the BISRA, it is conservatively assumed

that workers do not wear protective clothing that would limit dermal exposure. Exposure
factors, as provided in the HSBRAM (DOE/RL 91—45 1992), are indicated.

K3-14
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Table 3-5. Summary of Industrial Scenario Exposure Factors.

Exposure Factor

HSBRAM Reasonable Maximum Exposure®

Tntake Rate
" Soil Ingestion 50 mg/d
. Inhalation 20 o’/d
- Exposure Frequency
. Soil Ingestion 146 d/yr
Inhalation 250 dfyr
. Dermal 146 d/yr
Exposure Duration 20 yr
' Body Weight 70 kg
: Averéging Time B
' Carcinogens 70 yr x 365 d/yr
Noncarcinogens 20 yr % 365 d/yr
Skin Surface Area 5000 cm?

i Soil-to-Skin Adherence Factor

0.2 mg/iem?/event -

| Absorption F actor

_ Inorganics
 BEHP
- All other organics

0.001°
0.0055"
0.06°

 “DOE-RL '1992; factors based on EPA-10 (1991), WAC 173-340, EPA (1992¢)
- *Calculated; see Subsection 3.5.3

- °EPA (1992¢).

' Table 3-5
K3 1_5 Page 1 of |
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Table 3.6. Summary of Residential Scénario Exposure Factars.

Exposure Factor

Reasonable Maximum Exposure®

intake Rate

Ingestion '
Adult - Soil 100 mgld
Child - Soil 200 mg/d
Adult - Groundwater 2Lid
Inhalation .
Adult - Soil _ 20 m’id
Adult - Groundwater {volatiles) 156 m’ld
Fish Ingestion® 54 gid
Garden Produce” '
Root (e.q., carrats) 0.88 g/d
Leafy {e.g., lettuce) 1.1 gid
Garden fruit (e.g., tomato) 22 gid
Potato 9.1 gld
_Exposure Frequency 350 diyr

Exposure Duration
Soil Ingestion and Dermal

2.6 hrid, 7 diyr (swimming)

" Adult 24 yr
_ Child 6 yr
- Al other pathways 30 yr
Body Weight
Adult 0k
" Child 15 kg

| Averaging Time

Carcinogens
Non-carcinogens

70 yr x 365 diyr
30 yr x 365 diyr

Skin ‘Surface Area

Adult - Soil 5000 o {summer); 1900 o’ (winter)
Child - Suit 3900 ent’
Aduit - Swimming 20,000 cny’
Soil to Skin Adherence Factor 1 mgfem’fd
‘Contaminant-Specific Absorption Factor
“Inorganics’ 0.001
- BEHP® 0.0055
" Al other organics® _ 0.06
Permeability Coefficient - Trichloroethene® 4ED1 cmlhf
Groundwater Volatilization Factor® 0.5 Lim®

aE i"Feu:tm'é hased on EPA-10 {1991) unless etherwise specified .

"EPA. {1986a)
"EPA {1991a)

“EPA {1992c)

_’Ca[culated factor; see Section 3_.5.3

K3-16
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CSxSAxAFxABSxEFxEDxCF
BWxAT

Dermally absorbed dose =

where'

_ Dermally absorbed dose = (mg/kg—d) '
maximum concentration of contaminant in soil (mg/kg)

o ISA_' = skin surface area available for contact (5000 cm?)
AF = soil-to-skin adherence factor (0.2 mg/cm®/event)
ABS. = contaminant-specific absorption factor (unitless)
EF = event frequency (146 events/yr) '

ED - = exposure duration (20 yr)
CF = conversion factor (1E-06 kg/mg)
BW = body weight (70 kg) '

AT averaging time (noncarcinogenic effects: 365 d/yr x 20 yr; carcinogenic

 effects: 365 d/yr x 70 yn) -

The contaminant-specific absorption factor is a value that is either assumed or derived
from published literature. Many factors influence the dermal absorption of contaminants
from the soil. Some of these factors include the amount of soil adsorbed to the skin, the -
contact time of the. soil with the skin (time between exposure and washing), chemical .
properties of the contaminants, and the condition of the skin. Contaminants bound to a soil
matrix are less bioavailable than pure or dilute solutions of contaminants applied directly to
skin. Specific information on dermal absorption for most of the COPC is ]mnted

For the inorganic COPC, a review of the pubhshed literature, including avallable
tox1colog1ca.1 profiles from the Agency for Toxic Substances and Disease Registry (ATSDR),
indicates that uptake across intact skin is very limited for most metal ions. The average
dermal absorption of cadmium from a soil matrix is estimated at 1.0 percent (i.e., 0.01), as’
discussed in the "Dermal Exposure Assessment: Principles and Applications” (EPA 1992¢).
Therefore, for the calculation of dermal intakes, it is assumed that the contanunant—specﬂic

absorption factor (ABS) is 0.01 for all inorganic COPC based on the available Informatlon
for cadmium.

Several organic COPC are also present in the soil at UN-1100-6 subunit, HRL, and

" the Ephemeral Pool. A review of the literature provided little specific mfonnaltlon on the

absorption of the specific organic compounds of potential concern — beta-HCH, chlordane,
DDT, heptachlor, and PCB’s — from skin contact with contaminated soil. EPA (1992c)
recommends the use of an upper bound estimate of 6 percent (i.e., 0.06), as an absorption
factor for PCB’s based on studies of 3,3’, 4,4’ tetrachlorobiphenyl. A value of 0.06 is
assumed to be an appropriate ABS for all organic COPC except BEHP.

For BEHP, data are available on potential dermal absorption that can be combined
with assumptions of contact time with the soil and dermal biocavailability. Studies in rats
have shown that 6.9 percent of BEHP, applied as pure product, is dermally absorbed (Life
Systems, Inc. 1989). Ryan ef al. (1987) suggest that only 10 percent of organic
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contaminants in soil are generally bloavallable for dermal exposures. If the contact tlme ‘with N
the soil is conservatively assumed to be 8 hr; 80 percent ‘of the contaminant is estimated to '
be absorbed during this time period (Shu ez al. 1988). This absorptlon information and
dermal bioavailability information can be combined to estimate an absorption factor_ for
BEHP of 0.55 percent (i.e., 0.0055). '

3.5.2.5 Dermal Exposure to Contaminated Soil for BRSRA--The equation and assumptions
used for the BRSRA for dermally absorbed dose is the same as that used for the BISRA, as
described above. The dermal exposure parameters for the contaminated soil pathway are
those recommended by EPA (EPA-10, 1991). For evaluating both carcinogens and
noncarcinogens, the exposure assumptions are based on a child and an adult exposure. The
followmg parameters are different for the BRSRA

SA = skin surface area avallable for contact (Child: 3900 o, Adult:
5000 cm? - summer, 1900 cm® - winter)

AF = soil-to-skin adherence factor (1. mg/cm¥event)

EF = event frequency (Child: 1/event/day, 350 d/yr; Adult: .
1/event/day, 350 d/yr with 90 d as summer and 260 d as winter)
exposure duration (Child: 6-yr; Adult: 24 yr)
body weight (Child: 15 ng; Adult: 70 kg')'

6

g 2
&
|

BW

i

3.5.2.6 Ingestion of Garden Produce for BRSRA~-The exposure parameters for.the mgestlon :
_ of garden produce [i.e. , dry weight (DW) consumption rates for each vegetable category) O
w0 have been derived from EPA (1986a, 1989d, and 1990]. The percentage of homegrown
vegetables and the remazmng exposure.factors are provided in EPA (1991a). The currently
recommended parameters in EPA (1991a) are based on fresh weight and are for total -

A vegetable consumption only. Therefore, they are not appropriate to evaluate md1v1dua1
vegetable categories or for use with plant uptake factors based on DW

: {
A

ey For evaluatmg both carcinogens . and noncarcmogens, the exposure assumption IS

_ based on an adult exposure. The highest daily DW consumptions for a vegetable category
o _ provided in EPA (1986a, 1989d, and 1990) have been adjusted to represent the amount that
is homegrown (i.e., 40 percent), as recommended in EPA (1991a). The adjusted dally DW
consumptions are:

Root (e.g., carrots) -~ -~ . - 0.88 g/d -
Leafy (e.g., lettuce) - : 1.1 g/d
Garden fruits (e.g., tomatoes) 2.2 gld
Potatoes = _ - 9.1 g/d

K3-18
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The exposure parameters for the garden produce pathway are:

c
IR
" 'ED
BW
AT

--.CF_

oo non

estimated plant concentration (mg/kg dry weight)
intake rate (produce-specific g/d dry weight) .
exposure frequency (350 d/yr)

exposure duration (30 yr)

body weight (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcmogemc _
effects: 365 d/yr x 70 yr)
conversion factor (1E-03 kg/g)

3.5.2.7 Ingestion of Groundwater for BRSRA--The exposure parameters for the consum'pti()n-.'

of groundwater are those presented for the residential scenario, as discussed in EPA-Reglon -
10 guidance (EPA-10, 1991). For evaluating both carcinogen and non-carcinogens, the
exposure assumptions are based on an. adult exposure.

cwW
IR
ED

BW

AT

T I )

estimated concentration in groundwater (mg}'L)
intake rate (2 L/d)

~ exposure frequency (350 d/yr)

exposure duration (30 yr)

body welght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 363 d/yr x 70 yr)

3.5.2.8  Inhalation of Volatiles from Groundwater for BRSRA--The potential inhalation of |
volatiles from the use of groundwater in a residence is evaluated as recommended in EPA- _
Region 10 guidance (EPA-10, 1991). Exposure assumptions are based on an adult exposure: .

CW

IR
ED

BW -

AT

|

estimated concentration in water (mg/L) x K volatlhzatlon factor (0. 5
L/m%)
intake rate (15 m%d)

exposure frequency (350 d/yr)

exposure duration (30 yr)

body we1ght (70 kg)

averaging time (noncarcinogenic effects: 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr)
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3.5.2.9 Fish Ingestion for BRSRA--The- exposure parametcrs for the consumption of ﬁsh are

those presented in EPA (1991a). Exposure assuinptions are based on adult exposure: j-/_}
C = estimated concentration in fish (mg/kg)
IR = intake rate (54 g/d) _
EF = exposure frequency (350 d/yr)
ED = exposure duration (30 yr)
BW = body we1ght (70 kg) -
AT = averaging time (noncarcinogenic effccts 365 d/yr x 30 yr; carcinogenic
effects: 365 d/yr x 70 yr) :
CF = conversion factor (1E-03 kg/g)

3.5.2. 10 Dermal Contact with Columbia River Water for BRSRA--The intake equation -
provided above for ingestion is modified to provide the absorbed dose equation for dermal
contact with Columbia River water. All exposure parameters for the dermal contact with
water are those presented for the residential scenario as discussed in EPA-Region 10
guidance (EPA-10, 1991). For-evaluating both carcinogens and noncarcinogens, the
exposure assumptions are based on an adult exposure. :

CW x SA x K x ET x EF x ED x CF
. Dermally absorbed doge = P :

BW x AT
- where : o ‘ o : SN
o ‘\ . /
Dermally absorbed dose = normalized with respect to bodywelght {mg/] kg—d)
CW = maximum cencentration of contaminant in water (mg/L)
SA = skin surface area available for contact (20,000 cm?)
K, = contarinant-specific permeability coefficient (cm/ hr)
ET = event-time (2.6 hr/d). -
EF = event frequency (7 d/yn)
ED = - exposurc duration (30 yD
CF = conversion factor (1 1/1000 cm)
BW = body welght (70 kg) L
AT = averaging time (noncarcinogenic. effects 365 d/yr x 30 yr; cammogemc
~effects: 365 d/yr x 70 yr) - '
The contammant-spemfic permeabﬂlty factor (K,) is a value that is either assumed or
- ¢an be derived from the literature if sufficient dermal absorption information is available.
Trichloroethane is the only contaminant of potential conicern that may impact the Columbia
River that is evaluated for the BRSRA. The K, for trichloroethane is 2E-01 cm/hr (0. 08
in/ hr) (EPA 1992¢).
e’
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3.5.3 Summary of Contaminant Intakes for BISRA

The estimated intakes of COPC for industrial workers are provided in tables 3-7 and
3-8. The intakes are provided for both noncarcinogenic effects and carcinogenic effects.
Specific intakes are not presented if there is no RfD or SF for a contaminant, or if the SF is
zero (e.g., a contaminant is not carcinogenic by this pathway). It should be noted that the
fugitive dust intake of arsenic is reduced by 30 percent because of absorption (EPA, 1992b).

3.5.4 Summary of Contaminant Intakes for BRSRA

The estimated intakes of COPC for onsite residents are provided in tables 3-9 through
3-12. As noted for the BISRA, specific intakes are not presented if there is no risk SF or
RfD for a contaminant or if the slope factor is zero. Table 3-9 provides the intakes for the
soil ingestion, inhalation of fugitive dust, and dermal contact pathways based on the
maximum contaminant concentrations. As referenced for the BISRA, fugitive dust intake of
arsenic is reduced by 30 percent because of absorption. The contaminant intakes from the
consumption of garden produce are presented in table 3-10. The 1100-2 subunit is not
presented in table 3-10 because the only contaminant at this subunit (tetrachloroethane) is not
evaluated for the garden pathway. Volatile contaminants detected at HRL are not presented
in this table. Contaminant intakes for the groundwater pathway are shown in table 3-11.
The contaminant intakes from the residential-related recreational pathways (consumption of
fish and dermal absorption through swimming) are presented in table 3-12. The intakes are
provided for both noncarcinogenic effects and carcinogenic effects.

3.6 EXPOSURE ASSESSMENT FOR LEAD IN BRSRA

EPA (see chapter 2 and appendix I) has indicated that lead is to be evaluated as a
contaminant of potential concern at 1100-3 and at HRL, where it is detected in soil at a
maximum concentration of 26.4 mg/kg, and 854 mg/kg, respectively. The EPA has also
recommended the use of the Uptake/Biokinetic Model (UBK) for evaluating the potential
residential exposures to lead at these two subunits.

EPA does not currently recommend numerical toxicity values for lead, in part,
because there is no scientific consensus concerning the effects of lead at low doses. Data on
blood-lead levels and various health effects indicate a spectrum of adverse health effects in
populations having increased blood-lead levels. EPA has reviewed key studies relating to the
toxicokinetics and health effects of lead in humans in its Air Quality Criteria Document for
Lead (EPA, 1986¢). Although a threshold for these effects has not been established, the
available evidence suggests that it lies within 10 to 15 ug/dl. The evidence for adverse
effects below this range of blood-lead is uncertain and remains controversial.
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Table 3-7. Summary of Industrial Scenario Intakes Based on Maximum Contaminant Concentrations for
1100-1, 1100-2, 1100-3, 1100-4, UN-1100-6, and the Ephemeral Pool.

Contaminant

Pathway

Soil Ingestion (mg/kg-d)

Fugitive Dust Inhalation (mg/kg-d)

Dermal Exposure (mglkg-d)

Noncarcinogenic

Carcinogenic

Noncarcinogenic

Carcinogenic

Noncarcinogenic

Carcinogenic

Arsenic 9.3-07 2.6E-07 1.7E-13" 1.86-08 5.2E-09
3.4E-05 - &

Vanadium

6.7€-07

ez

Chromium

4.8E-08

3.0€-08

9.5E-08

Chromium 4.0E-08 - 1.8E-08 7.9€-08 -
o0
Arsenic 1.7€-08 4.7E-07 3.3€-08 9.4E-09
Beryllium 2.7€-07 7.6€-08 5.3£-09 1.5E-08
UN11008
BEHP 7.2€-03 2.0-03 2.2E-06 7.9e-04 2.2E-04
Chiordane 5.3E-07 1.5E-07 1.8E-10 8.4E-07 1.8€-07
Heptachlor 6.4E-09
S
Chiordane 8.1€-07 2.3e-07 6.6E-10 9.6E-07 2.7E-07
Heptachlor B.4E-09 2.4E-09 B.9E-12 9.9E-09 2.8E-08
PCBs - 3.4E-08 1.0E-08 - 4.1E-08

‘Intakes adjusted based on 30% absorption of inhaled arsenic (EPA 1982b)

~ = Not Applicable
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Table 3-8. Summary of Industrial Scenario Intakes Based on Maximum Contaminant Concentrations for the Horn Rapids Landfill.

Contaminant Pathway
Soil Ingestion (mglkg-d) Fugitive Dust Inhalation (mg/kg-d) Dermal Exposure (mglkg-d)
Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

Antimony 45E-08 - 8.9€-08 -
Arsenic 1.9E-06 5.4E-07 1.1E-08* 3.7E-08 1.1€-08
Barium 3.8E-04 - 2.8€-06 NA 7.5E-06 -
Beryllium 3.7€-07 1.1€-07 7.2€-10 7.4E-08 2.1E-09
Chromium 3.6E-04 - 7.0€-07 7.1E-08

Copper 3.7€-04 = - 7.3€-08

Nickel 1.6€-04 - - 3.1E-07 3.2€-06 -
Thallium 8.9€-07 - - - 1.7€-08

Vanadium 2.9E-05 - - - 5.8E-07 -
Zinc 9.1E-04 - s & 1.8E-05 =
Beta-HCH 7.7€-08 - 5.2E-11 - 8.2E-08
Dot 5.7€-07 1.8E-07 - 1.1E-09 8.8E-07 1.8€-07
Heptachlor 5.BE-08 1.6E-09 - 1.1 6.8E-08 1.8€-09
PCBs - 8.4£-06 - 5.7€-08 - 1.0€-05

"intakes adjusted based on 30% absorption of inhaled arsenic (EPA, 1982b)

~ = Not Applicable
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Table 3-9. Summary of Residential Scenario Intakes Based on Maximum Contaminant
Concentrations for the Soil Ingestion, Fugitive Dust Inhalation, and Dermal

Exposure Pathways at Specific 1100-EM-1 Operable Subunits.

Contaminant

Pathway

Soil Ingestion (mglkg-d) 7

Fugitive Dust

Inhalation (mglkg-d)

Dermal Exposure (mg/kg-d)

Noncarcinogenic I

Carcinogenic

Noncarcinogenic

[ Carcinogenic

Noncarcinogenic l

Carcinogenic

Arsenic

2.9€-10°

27607 |

Chromium 5.2€-05 2 - 4.0E-09 1.1E-06 -+
4 .t d ] .4

Lead £

" BEHP

Chlordane

| Epl

Chiordane

PCBs - - : 8.6E-05
Horo Rapids Landfll e
Arsenic - 5.2E-07 2.2E-07
Beryllium £ 1.0E-07 4.4E-08
Chromium * 9.9E-05 b

Lead - 2 -‘ -4 ‘ -4

PCBs - 1.6E-04 £ 1.2E-07 ‘ 2.1E-04
Tetrachloroethene 2.2E-08 9.6E-09 - 7.1E-12 2.8E-08 1.2E-08

*Intakes adjusted for 30% absorption of inhaled arsenic (EPA, 199